Introduction
============

Psoriasis is an immune disease with an estimated prevalence of \~3% in the United States.[@b1-tcrm-14-1489] It is typically diagnosed visually by its characteristic erythematous scaly plaques distributed on the scalp, torso, extensor surfaces and/or throughout the rest of the body.[@b2-tcrm-14-1489] The disease greatly reduces patient's quality of life and is associated with various psychiatric comorbidities including anxiety, depression and suicidality.[@b3-tcrm-14-1489],[@b4-tcrm-14-1489] Psoriasis can also cause debilitating arthritis and has been linked to numerous systemic pathologies including cardiovascular disease, inflammatory bowel disease and metabolic syndrome.[@b5-tcrm-14-1489]--[@b7-tcrm-14-1489]

When deciding on therapeutic options for psoriasis, considerations include disease severity, disease location, joint involvement, cost profile and patient preference.[@b8-tcrm-14-1489] Treatments for psoriasis range from topical to systemic medications and include steroids, phototherapy, vitamin A and D derivatives, tars, immunosuppressants and biologics.[@b8-tcrm-14-1489] Despite these numerous options, psoriasis can be a difficult disease to treat, and continued investigation is ongoing to discover additional safe and effective interventions.

Biologic medications have transformed the landscape of treatment for moderate-to-severe plaque psoriasis, allowing for better disease control.[@b9-tcrm-14-1489] Cytokines and inflammatory mediators involved in the pathogenesis of plaque psoriasis can now be targeted, with some examples of biologics and their targets including adalimumab (ADM; TNF-alpha), ixekizumab (IL-17) and ustekinumab (USM; IL-12/IL-23; [Figure 1](#f1-tcrm-14-1489){ref-type="fig"}).[@b10-tcrm-14-1489],[@b11-tcrm-14-1489] The search for better psoriasis treatments is now focusing on the IL-23/IL-17 pathway, including the two subunits of IL-23, p40 and p19.[@b12-tcrm-14-1489]--[@b14-tcrm-14-1489] The p40 subunit is shared with IL-12, while the p19 subunit is present in IL-23 and not in IL-12 ([Figure 1](#f1-tcrm-14-1489){ref-type="fig"}).[@b14-tcrm-14-1489],[@b15-tcrm-14-1489] USM targets the common p40 subunit, while guselkumab (GUS) targets p19 and as a result IL-23 and not IL-12 ([Figure 1](#f1-tcrm-14-1489){ref-type="fig"}).[@b15-tcrm-14-1489],[@b16-tcrm-14-1489] IL-23 is a cytokine thought to play a significant role in the pathogenesis of the disease, as it is present at high levels both in the serum and plaques of patients with psoriasis.[@b12-tcrm-14-1489],[@b17-tcrm-14-1489],[@b18-tcrm-14-1489] IL-23 induces the proliferation of proinflammatory T~h~17 cells, which are key drivers of psoriasis development.[@b19-tcrm-14-1489],[@b20-tcrm-14-1489] In late 2017, the US Food and Drug Administration (FDA) approved and released GUS to the market. Here, we review the pharmacology, safety and efficacy of GUS in adult patients with moderate-to-severe plaque psoriasis.

Pharmacodynamics, pharmacokinetics and immunogenicity
=====================================================

GUS is a subcutaneously (SQ) injected human monoclonal antibody that targets IL-23 by binding the IL-23 p19 subunit ([Figure 1](#f1-tcrm-14-1489){ref-type="fig"}).[@b21-tcrm-14-1489] IL-23 is a member of a heterodimeric family of cytokines, which also includes IL-12, IL-27, IL-35 and IL-39.[@b22-tcrm-14-1489],[@b23-tcrm-14-1489] IL-12 and IL-23 are proinflammatory cytokines that drive psoriasis pathogenesis, IL-27 and IL-35 are inhibitory cytokines, and the role of IL-39 in psoriasis is unclear.[@b12-tcrm-14-1489],[@b22-tcrm-14-1489],[@b23-tcrm-14-1489] Within the IL-12 cytokine family, IL-23 and IL-39 contain the p19 subunit.[@b15-tcrm-14-1489],[@b22-tcrm-14-1489] Variations in the genes encoding p19 and the p19 receptor, IL-23R, are associated with an increased risk of psoriasis, thus highlighting the role of p19 in psoriasis pathogenesis.[@b21-tcrm-14-1489],[@b24-tcrm-14-1489],[@b25-tcrm-14-1489] GUS binds to the IL-23 p19 subunit and prevents IL-23 from binding to IL-23R on the surface of various innate and adaptive immune cells.[@b12-tcrm-14-1489],[@b15-tcrm-14-1489],[@b21-tcrm-14-1489] Through stopping the p19 subunit from binding to IL-23R, the IL-23/T~h~17 pathway is inhibited, thus reducing its proinflammatory effects.[@b12-tcrm-14-1489],[@b21-tcrm-14-1489]

A Phase I randomized, placebo-controlled clinical trial examined the pharmacokinetics and pharmacodynamics of GUS in 47 healthy participants and 24 participants with moderate-to-severe plaque psoriasis.[@b26-tcrm-14-1489] Healthy participants either received a single GUS intravenous (IV) administration (0.03, 0.1, 0.3, 1, 3 or 10 mg/kg), a single GUS SQ injection (3 mg/kg) or placebo treatment.[@b26-tcrm-14-1489] Patients with moderate-to-severe plaque psoriasis either received a single GUS SQ injection (10, 30, 100 or 300 mg) or placebo treatment.[@b26-tcrm-14-1489]

In healthy participants treated with GUS IV, area under the curve for serum drug concentration vs time (AUC~0--∞~) and peak serum concentration (*C*~max~) increases were dose dependent, with median AUC~0--∞~ values ranging from 4.93 to 2,261.8 µg⋅day/mL and median *C*~max~ values ranging from 0.47 to 200.36 µg/mL.[@b26-tcrm-14-1489] In addition, in this cohort, median terminal half-life (*t*~1/2~) of the drug ranged from 12.5 to 19.5 days, median clearance ranged from 3.58 to 6.1 mL/day/kg and median volume of distribution (*Vz*) ranged from 97.74 to 117.88 mL/kg.[@b26-tcrm-14-1489] For healthy participants receiving GUS SQ, the mean AUC~0--∞~ was 256.99 µg⋅day/mL and the mean *C*~max~ was 9.46 µg/mL.[@b26-tcrm-14-1489]

SQ administration in the psoriasis cohort also had dose-dependent AUC~0--∞~ and *C*~max~ increases, with median AUC~0--∞~ values ranging from 15.11 to 574.62 µg⋅day/mL and median *C*~max~ values ranging from 0.5 to 22.7 µg/mL.[@b26-tcrm-14-1489] Median *t*~1/2~ values in this cohort ranged from 15.8 to 17.8 days.[@b26-tcrm-14-1489]

Throughout the clinical trials examining the immunogenicity of GUS in psoriasis patients, the proportion of patients developing antibodies to GUS ranged from 4% to 9%.[@b15-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] These antibodies were generally present in low titers, and their development did not affect the efficacy of the treatment or the incidence of injection site reactions.[@b15-tcrm-14-1489],[@b27-tcrm-14-1489]--[@b29-tcrm-14-1489]

Treatment efficacy
==================

An initial Phase I clinical trial investigated a single GUS SQ administration in 24 adult patients with moderate-to-severe plaque psoriasis.[@b21-tcrm-14-1489] At 12 weeks post injection, 50%, 60%, 60% and 100% of 10, 30, 100 and 300 mg GUS-treated patients, respectively, experienced at least a 75% reduction in Psoriasis Area and Severity Index (PASI) score (PASI75; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b21-tcrm-14-1489] Comparatively, no patients in the placebo-treated cohort attained this end point ([Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b21-tcrm-14-1489] These results were predominantly stable through 24 weeks post injection, although some loss of efficacy was noted in the 100 mg treated cohort.[@b21-tcrm-14-1489] On immunohistochemical evaluation, GUS reduced lesional epidermal thickness and CD3 T-cell and myeloid dendritic cell infiltration (*P*\<0.05 compared to baseline, except for myeloid dendritic cell infiltration with 10 mg GUS; *P*=0.072).[@b21-tcrm-14-1489] Compared to baseline values, GUS reduced serum IL-17A levels in responsive patients at Week 1 (*P*=0.031) and Week 12 (*P*=0.0015).[@b21-tcrm-14-1489] The placebo-treated cohort had no reduction in epidermal thickness, CD3 T-cell infiltration or serum IL-17A concentration, although there was a decrease in lesional myeloid dendritic cell infiltration compared to baseline (*P*=0.028).[@b21-tcrm-14-1489]

A Phase II randomized, double-blinded, placebo-controlled trial compared GUS to ADM in 293 patients with moderate-to-severe plaque psoriasis over 52 weeks.[@b15-tcrm-14-1489] The ADM cohort received standard dosing, while the GUS cohort received either 5, 50, or 200 mg at 0 and 4 weeks and then every 12 weeks or 15 or 100 mg every 8 weeks.[@b15-tcrm-14-1489] At Week 16, the placebo-treated cohort crossed over to 100 mg GUS with 8-week dosing intervals.[@b15-tcrm-14-1489] By Week 16, 34%, 61%, 79%, 86% and 83% of 5, 15, 50, 100 and 200 mg GUS-treated cohorts reached a Physician Global Assessment (PGA) score of 0 or 1 ([Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b15-tcrm-14-1489] Comparatively, 7% of placebo and 58% of the ADM cohort achieved this end point ([Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b15-tcrm-14-1489] In addition, at Week 16, ≥90% PASI score improvement (PASI90) was seen in 34%, 34%, 45%, 62% and 57% of 5, 15, 50, 100 and 200 mg GUS-treated cohorts, respectively, compared to 2% of placebo and 44% of the ADM group ([Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b15-tcrm-14-1489] Disease improvement with GUS persisted through Week 40, as most dosage subgroups experienced relative preservation of PGA 0 or 1 and PASI75.[@b15-tcrm-14-1489] Some loss of efficacy was observed as the time of the next scheduled GUS injection approached and was seen more often when dosed every 12 weeks as opposed to every 8 weeks.[@b15-tcrm-14-1489] Crossover from placebo to GUS also had

A Phase IIa, randomized trial investigated GUS for the treatment of psoriatic arthritis (PsA) in 149 patients.[@b30-tcrm-14-1489] Patients received either GUS 100 mg at 0 and 4 weeks and then every 8 weeks or placebo.[@b30-tcrm-14-1489] At Week 24, more GUS-treated patients experienced 20% (58.0% vs 18.4%; *P*\<0.001), 50% (34.0% vs 10.2%; *P*=0.002) and 70% (14.0% vs 2.0%; *P*=0.023 \[post hoc\]) American College of Rheumatology score improvements compared to the placebo group.[@b30-tcrm-14-1489] Furthermore, greater improvements in multiple psoriatic arthropathy measures -- such as Leeds Enthesitis Index (median percentage change from baseline: −100.0% vs −33.3%; *P*=0.009), Dactylitis Score (median percentage change from baseline: −100.0% vs −33.3%; *P*\<0.001) and Psoriatic Arthritis Disease Activity Score (mean change from baseline: −2.50 to −0.49; *P*\<0.001) -- were observed in the GUS-treated cohort compared to placebo.[@b30-tcrm-14-1489]

In VOYAGE 1, the first of three Phase III randomized, double-blinded, placebo-controlled GUS clinical trials, GUS was generally more effective than placebo and ADM.[@b27-tcrm-14-1489] A total of 837 patients were randomized to one of three treatment groups, including GUS (100 mg at 0 and 4 weeks and then every 8 weeks), ADM (standard dosing) or placebo, followed over 48 weeks.[@b27-tcrm-14-1489] The placebo group was crossed over to GUS 16 weeks into the study.[@b27-tcrm-14-1489]

At Week 16, 85.1% of GUS patients had an Investigator Global Assessment (IGA) score of 0 or 1, compared to 65.9% and 6.9% of ADM- and placebo-treated groups, respectively (*P*\<0.001 compared to the placebo group; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489] Furthermore, 73% of GUS patients experienced PASI90 at Week 16 compared to 3% of the placebo group and 50% of the ADM group (*P*\<0.001 compared to the placebo group; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489] At Week 24, more GUS patients than ADM patients had an IGA score of 0 or 1 (84.2% vs 61.7, respectively; *P*\<0.001) and attained PASI90 (80.2% vs 53.0%, respectively; *P*\<0.001; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489] GUS treatment response was persistent, with improved PASI and IGA scores through Week 48.[@b27-tcrm-14-1489] Crossover from placebo to GUS improved disease measures comparable to measures seen in the original GUS cohort.[@b27-tcrm-14-1489]

VOYAGE 2 differed from the VOYAGE 1 study as it examined noncontinuous GUS treatment and GUS treatment for patients unresponsive to ADM injection.[@b28-tcrm-14-1489] The multi-center, randomized, double-blinded, placebo-controlled study included 992 subjects.[@b28-tcrm-14-1489] At Week 28, the "randomized withdrawal and retreatment" segment began.[@b28-tcrm-14-1489] Responsive patients were those who attained PASI90.[@b28-tcrm-14-1489] Unresponsive patients in the original GUS cohort continued their current regimen, while responders were re-randomized into one of two groups -- one group that continued GUS 100 mg every 8 weeks or another group that received placebo until a defined loss of efficacy, at which point they were reinitiated on GUS.[@b28-tcrm-14-1489] In the placebo-to-GUS crossover cohort, unresponsive patients continued their current regimen, while responders received placebo until a defined loss of efficacy was observed and were then reinitiated on GUS.[@b28-tcrm-14-1489] Patients unresponsive to ADM were converted to GUS, while patients responsive to ADM received placebo until a defined loss of efficacy was observed and were then initiated on GUS.[@b28-tcrm-14-1489] At Week 16, 84% of patients in the initial GUS cohort had IGA scores of 0 or 1 compared to 68% and 9% of the ADM- and placebo-treated cohorts, respectively (*P*\<0.001 for both; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489] Similarly, at Week 16, 70.0% of patients in the GUS cohort reached PASI90 compared to 46.8% of ADM-treated group or 2.4% of placebo-treated group (*P*\<0.001 for both; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489] Of patients who started on and continued GUS to Week 28, 19.9% were classified as nonresponders compared to 47.3% of the ADM cohort.[@b28-tcrm-14-1489] Overall, continuous GUS attained better clinical responses than noncontinuous treatment.[@b28-tcrm-14-1489] At Week 48, 89% of patients receiving continuous GUS experienced PASI90 compared to 37% of patients in the placebo re-randomized cohort (*P*\<0.001).[@b28-tcrm-14-1489] For patients responsive to GUS and re-randomized to placebo, loss of PASI90 was observed in a median time of 15.2 weeks.[@b28-tcrm-14-1489] GUS also effectively treated patients unresponsive to ADM.[@b28-tcrm-14-1489] At the end of the study, 66.1% of patients initially unresponsive to ADM who were converted to GUS attained PASI90.[@b28-tcrm-14-1489]

In both VOYAGE 1 and VOYAGE 2, GUS improved specific areas of disease, including the scalp, feet, hands and fingernails.[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] At Week 16 of both studies, more GUS-treated patients than placebo-treated patients attained a fingernail Physician Global Assessment (f-PGA) score of 0 or 1 (39.1%/52.0% vs 15.9%/14.6%), Physician Global Assessment of hands and/or feet (hf-PGA) score of 0 or 1 (73.3%/77.2% vs 14.0%/14.3%) and scalp-specific Investigator Global Assessment (ss-IGA) score of 0 or 1 (83.4%/80.6% vs 14.5%/10.9%; *P*\<0.001 for both; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] At Week 24 of both studies, more GUS patients than ADM patients had an hf-PGA score of 0 or 1 (78.9%/81.6% vs 56.8%/66.1%) and ss-IGA score of 0 or 1 (84.5%/85.3% vs 69.2%/67.5%; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] At Week 24 of VOYAGE 1, less GUS patients than ADM patients attained f-PGA scores of 0 or 1 (56.3% vs 62.4%), although at Week 48, more GUS patients than ADM patients achieved this measure (74.7% vs 61.8%; *P*=0.038; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489] Similarly, at Week 24 of VOYAGE 2, less GUS patients than ADM patients had an f-PGA score of 0 or 1 (62.6% vs 66.9%; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489]

A subsequent study combined the data from VOYAGE 1 and VOYAGE 2 to determine if specific patient populations had distinctive responses to GUS.[@b31-tcrm-14-1489] Patients were stratified by age, gender, weight, body mass index, ethnicity, pretreatment disease features and previous treatments.[@b31-tcrm-14-1489] Overall, in almost all the examined subgroups, GUS had greater efficacy than placebo and ADM.[@b31-tcrm-14-1489]

The final Phase III trial, NAVIGATE, examined GUS safety and efficacy for patients unresponsive to USM.[@b29-tcrm-14-1489] In the initial 16-week open-label segment of the study, patients received USM at Weeks 0 and 4.[@b29-tcrm-14-1489] At Week 16, patients with IGA scores of 0 or 1 were considered responsive and remained on USM, while patients with IGA scores of ≥2 were considered unresponsive and randomized to either receive GUS 100 mg at Weeks 16 and 20 and then every 8 weeks or continue USM.[@b29-tcrm-14-1489] Overall, patients on GUS had better clinical outcomes than patients in the randomized USM group.[@b29-tcrm-14-1489] The primary end point of the study was the number of patient visits with recorded IGA scores of 0 or 1 and with a minimum 2-point IGA score improvement from Week 16 scores.[@b29-tcrm-14-1489] From Week 28 to Week 40, the GUS-treated cohort achieved a greater average number of these visits than the randomized USM cohort (1.5 vs 0.7 visits; *P*≤0.001).[@b29-tcrm-14-1489] In addition, from Week 28 to Week 40, GUS-treated patients had a greater average number of visits with PASI90 compared to randomized USM patients (2.2 vs 1.1 visits; *P*≤0.001).[@b29-tcrm-14-1489] GUS remained more effective than randomized USM through Week 52, with 51.1% of GUS patients compared to 24.1% of randomized USM patients reaching PASI90 (*P*\<0.001; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b29-tcrm-14-1489]

Safety and adverse events (AEs)
===============================

Side effects of GUS are typically mild, and the medication is well tolerated.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] A total of 48%--74% of patients treated with GUS experience at least one AE, similar to the frequency of AE seen in ADM treatment.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] In any clinical trial, \<3% of patients receiving GUS discontinued their treatment due to AEs and \<7% experienced serious AEs.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] The most common AE of GUS is infection, most frequently nasopharyngitis and upper respiratory tract infections.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] The majority of infections observed did not require treatment, and serious infections were generally rare.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] No opportunistic infections, active tuberculosis (TB) infections or hypersensitivity reactions were noted for GUS patients in any reported studies, and of 105 patients with latent TB who were administered both TB prophylaxis and GUS, none experienced disease reactivation.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489],[@b32-tcrm-14-1489] Other less common AEs included injection site reaction, headache, arthralgia, pruritus, cardiovascular events and cancer.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] In the NAVIGATE trial, a higher rate of musculoskeletal AE, such as PsA, was noted with GUS treatment compared to USM treatment.[@b29-tcrm-14-1489] Throughout all the described clinical trials, \<2% of GUS patients were noted to have cardiovascular events compared to none in the placebo groups.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] Rates of cardiovascular events were generally comparable between GUS and ADM.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] Malignancies observed in GUS-treated groups included nonmelanoma skin cancer, prostate cancer, breast cancer, bladder cancer, grade 3 cervical intraepithelial neoplasia and squamous cell carcinoma of the head and neck.[@b15-tcrm-14-1489],[@b27-tcrm-14-1489]--[@b29-tcrm-14-1489]

Patient-focused perspectives
============================

GUS improved quality of life end points.[@b15-tcrm-14-1489],[@b27-tcrm-14-1489]--[@b30-tcrm-14-1489],[@b33-tcrm-14-1489] A Phase II clinical trial measured GUS treatment on patients' quality of life with the Dermatology Quality of Life Index (DLQI).[@b15-tcrm-14-1489] At Week 16, GUS at any of the five administered dosages (5, 15, 50, 100 and 200 mg) improved DLQI scores compared to placebo (*P*≤0.01).[@b15-tcrm-14-1489] DLQI scores of 0 or 1 through the first 16 weeks of the study were observed in 26%, 34%, 42%, 63% and 70% of the 5, 15, 50, 100 and 200 mg GUS cohorts, respectively, compared to 7% of placebo and 49% of the ADM cohort (*P*\<0.001 for comparison to placebo; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b15-tcrm-14-1489] In the Phase IIa study examining GUS for the treatment of PsA, GUS improved more quality of life measures than placebo, including mean change from baseline in Medical Outcomes Study 36-Item Short Form (SF-36) Physical (6.59 vs 0.46, respectively; *P*\<0.001) and Mental (4.95 vs 0.42, respectively; *P*=0.002) Component Scores and Health Assessment Questionnaire without Disability Index (HAQ-DI) scores (−0.42 to −0.06; *P*\<0.001).[@b30-tcrm-14-1489]

VOYAGE 1 added the Psoriasis Symptoms and Signs Diary (PSSD) as a quality of life measure.[@b27-tcrm-14-1489] Through Week 16, 56.3% of the GUS group attained a DLQI score of 0 or 1 compared to 4.2% of the placebo group (*P*\<0.001; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489] GUS improved PSSD symptom scores compared to placebo at Week 16 (41.9±24.6 vs 3.0±19.6, respectively; *P*\<0.001; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489] Furthermore, GUS had a greater impact on these measures compared to ADM through Week 48 (62.5% vs 38.9%, respectively, achieving DLQI scores of 0 or 1 and mean PSSD symptom score reductions of 45.3±25.5 vs 32.5±31.1, respectively; *P*\<0.001 for both; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b27-tcrm-14-1489]

In VOYAGE 2, GUS improved quality of life measures more than placebo and ADM treatments.[@b28-tcrm-14-1489] At Week 16, 51.7% of GUS patients achieved a DLQI score of 0 or 1, with a mean PSSD symptom score reduction of 40.4±26.5 ([Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489] Comparatively, also at Week 16, 3.3% of the placebo group and 39.0% of the ADM group attained a DLQI score of 0 or 1, with mean PSSD symptom score reductions of 8.3±23.7 and 32.8±24.9, respectively ([Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489] Through Week 24, more GUS-treated patients than ADM-treated patients attained DLQI scores of 0 or 1 (57.6% vs 41.1%, respectively; *P*\<0.001; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489] Mean PSSD symptom score reductions at Week 24 were also greater for GUS than ADM (42.1±26.8 vs 31.9±27.0, respectively; *P*\<0.001; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b28-tcrm-14-1489] Through Week 48, continuous GUS treatment improved DLQI and PSSD scores more than noncontinuous treatment (*P*\<0.001 for both).[@b28-tcrm-14-1489]

Another VOYAGE 2 analysis investigated the impact of GUS on treatment (*P*\<0.001 for both).[@b28-tcrm-14-1489] Another VOYAGE 2 analysis investigated the impact of GUS on anxiety and depression by utilizing the Hospital Anxiety and Depression Scale (HADS).[@b33-tcrm-14-1489] Through 16 weeks of the study, GUS improved both mean anxiety (HADS-A) and depression (HADS-D) HADS subcomponent scores than placebo (HADS-A: −1.7±3.4 to −0.2±2.9; HADS-D: −1.6±3.6 to −0.1±2.9; *P*\<0.001 for both).[@b33-tcrm-14-1489] Through Week 24, GUS reduced mean HADS-A and HADS-D scores more than ADM (HADS-A: −2.0±3.6 to −1.0±3.6; *P*\<0.001; HADS-D: −1.7±3.8 to −1.1±3.5; *P*=0.6), indicating greater improvements in anxiety and depression, although the difference in mean HADS-D scores between the two groups was not statistically significant (*P*=0.06).[@b33-tcrm-14-1489] Furthermore, at Week 16, a higher percentage of GUS-treated patients with HADS scores consistent with anxiety and depression attained HADS scores below the defined threshold for mild anxiety and depression compared to placebo-treated patients (HADS-A: 51.4% vs 25.9%, respectively; HADS-D: 59.2% vs 27.0%, respectively; *P*\<0.001 for both).[@b33-tcrm-14-1489] Similarly, at Week 24, a higher percentage of GUS-treated patients compared to ADM-treated patients reached HADS scores below this threshold (HADS-A: 58.4% vs 42.9%, respectively; *P*=0.028; HADS-D: 59.8% vs 46.4%, respectively; *P*=0.079), although the difference between the two groups was not statistically significant for the depression specific HADS-D measure (*P*=0.079).[@b33-tcrm-14-1489]

In NAVIGATE, GUS had better DLQI and PSSD score improvements compared to randomized USM.[@b29-tcrm-14-1489] At Week 52, within the group of patients with DLQI scores \>1 at Week 16, 38.8% of GUS patients achieved DLQI scores of 0 or 1 compared to 19% of patients in the randomized USM group (*P*=0.002; [Table 1](#t1-tcrm-14-1489){ref-type="table"}).[@b29-tcrm-14-1489] Similarly, at Week 52, among patients who had PSSD symptom scores \>0 at Week 16, 20.3% of patients in the GUS cohort achieved a PSSD symptom score of 0 compared to 9.5% of patients in the randomized USM cohort (*P*\<0.05).[@b29-tcrm-14-1489]

Discussion
==========

Overall, GUS is an excellent treatment option for adult patients with moderate-to-severe plaque psoriasis. It targets the p19 cytokine subunit, which is present in the IL-23 and IL-39 members of the IL-12 heterodimeric cytokine family, but not in IL-12 ([Figure 1](#f1-tcrm-14-1489){ref-type="fig"}).[@b14-tcrm-14-1489],[@b15-tcrm-14-1489],[@b22-tcrm-14-1489],[@b23-tcrm-14-1489] For comparison, USM targets the p40 cytokine subunit, which is present in both IL-23 and IL-12 ([Figure 1](#f1-tcrm-14-1489){ref-type="fig"}).[@b16-tcrm-14-1489] IL-23 plays a crucial role in psoriasis pathogenesis, and targeting IL-23 through the p19 subunit is an effective treatment strategy.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489]

GUS provides effective disease control and is more ffective than the established TNF-alpha inhibitor ADM.[@b15-tcrm-14-1489],[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] Furthermore, GUS's success in treating patients with incomplete responses to ADM and USM highlights its role as an alternative treatment option for patients failing initial biologic medications.[@b28-tcrm-14-1489],[@b29-tcrm-14-1489] The effectiveness of GUS in treating scalp, hand, feet and fingernail diseases also suggests that it is a good option for patients with refractory disease in these difficult treat areas.[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] In the Phase IIa clinical trial, GUS was effective in treating PsA.[@b30-tcrm-14-1489] For patients with PsA, TNF-alpha inhibitors are generally first-line options, with IL-17 inhibitors and USM as alternatives.[@b34-tcrm-14-1489] GUS is a good option for moderate-to-severe psoriasis whether patients have PsA or not and may be a reasonable treatment option for PsA patients failing TNF-alpha inhibitors.

While there are no clinical trials that directly compare GUS to IL-17 inhibitors, they appear to have similar efficacies. At Week 12 of Phase III clinical trials, the IL-17A antagonists ixekizumab and secukinumab had 70.7% and 59.2% PASI90 response rates, respectively, while the IL-17A receptor antagonist brodalumab had a 70.3% PASI90 response rate.[@b35-tcrm-14-1489]--[@b37-tcrm-14-1489] These efficacies are comparable to GUS, which had a 73.3% PASI90 response rate at Week 16 of the Phase III VOYAGE 1 trial.[@b27-tcrm-14-1489]

Even though both GUS and USM block IL-23, they have different efficacies.[@b29-tcrm-14-1489] One potential explanation is that IL-12 may have protective effects in psoriasis.[@b38-tcrm-14-1489] In one study, imiquimod-treated mice lacking IL-12 signaling components developed worse psoriasis compared to wild-type mice.[@b38-tcrm-14-1489] Therefore, inhibition of IL-12 may impair therapeutic efficacy in psoriasis.[@b38-tcrm-14-1489] Another possibility is that other p19 cytokines, such as IL-39, play a role in psoriasis pathogenesis. GUS's effects might extend beyond inhibition of IL-23 through the p19 subunit and include effects from blocking other p19 cytokines. While more complete blockage of p19 may have increased efficacy, it may also produce additional side effects.

USM is a very safe medication even when used long term, which suggests that inhibiting the IL-12/IL-23 pathway produces a favorable side effect profile.[@b39-tcrm-14-1489] GUS appears to also have a favorable side effect profile, although long- term data are necessary to fully evaluate its safety.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] Considering that GUS inhibits IL-23 without blocking IL-12, many people believe that it should be at least as safe as USM; such assumptions are not warranted, as the immune system is inscrutable. Moreover, because GUS inhibits IL-39, a cytokine not inhibited by USM, in addition to IL-23, it seems inappropriate to assume that USM's excellent safety profile necessarily extends to GUS. The natural experiment of genetic defects in p19 expression is reassuring. In one study, mice without IL-23 p19 had impaired T-cell immune responses with otherwise normal development.[@b40-tcrm-14-1489]

While IL-17 antagonists exacerbate inflammatory bowel disease,[@b41-tcrm-14-1489] biologics antagonizing IL-23 (including an IL12/23 blocker and an IL23/39 blocker) improve inflammatory bowel disease.[@b42-tcrm-14-1489],[@b43-tcrm-14-1489] As a result, GUS may be a good choice for patients with both moderate-to-severe plaque psoriasis and concurrent inflammatory bowel disease. Finally, GUS did not cause disease reactivation in patients with latent TB who also received TB prophylaxis.[@b32-tcrm-14-1489] In clinical trials evaluating USM, there were similarly no reported reactivations of latent TB in patients receiving concurrent isoniazid prophylaxis.[@b34-tcrm-14-1489],[@b44-tcrm-14-1489] USM is currently the preferred biologic agent for patients with concomitant latent TB, with IL-17 inhibitors as second-line options.[@b34-tcrm-14-1489] Considering their similar mechanisms, GUS is a reasonable alternative to USM for patients with both psoriasis and latent TB.

In addition to GUS, other p19 inhibitors are increasingly becoming the focus of clinical trials.[@b45-tcrm-14-1489]--[@b47-tcrm-14-1489] Risankizumab and tildrakizumab are both humanized monoclonal antibodies that similarly target p19.[@b45-tcrm-14-1489],[@b46-tcrm-14-1489] In a Phase II clinical trial, more risankizumab-treated patients than USM-treated patients attained PASI90 at Week 12 (77% vs 40%, respectively; *P*\<0.001).[@b46-tcrm-14-1489] These results were corroborated in two recent Phase III trials, UltlMMa-1 and UltlMMa-2, in which more risankizumab-treated patients attained PASI90 at Week 16 compared to USM-treated patients (UltlMMa-1: 75.3% vs 42.0%, respectively; UltlMMa-2: 74.8% vs 47.5%, respectively; *P*\<0.001 for both).[@b47-tcrm-14-1489] At Week 12 of another Phase III clinical trial, more patients treated with tildrakizumab than with etanercept attained PASI75 (66% for 200 mg tildrakizumab vs 61% for 100 mg tildrakizumab vs 48% for etanercept; *P*\<0.0001 and *P*\<0.001 for 200 and 100 mg tildrakizumab vs etanercept, respectively).[@b45-tcrm-14-1489] Based on these studies, p19 inhibition may be a more effective treatment strategy than TNF-alpha and IL-12/IL-23 inhibition, although not all p19 inhibitors appear to have the same degree of efficacy. Further understanding of psoriasis pathogenesis will clarify the exact roles and mechanisms of IL-23 and the p19 subunit.

The FDA has instructed that additional studies be reported on long-term malignancy risk, the safety of GUS for pregnant patients and long-term risk of other AEs.[@b32-tcrm-14-1489] Prolonged follow-up and large long-term clinical trials will ultimately determine the safety and efficacy of GUS.

Conclusion
==========

GUS is an effective novel monoclonal antibody that is FDA approved for the treatment of moderate-to-severe plaque psoriasis in adult patients. It targets the p19 subunit of IL-23 and IL-39, which appears to play a critical role in psoriasis pathogenesis.[@b21-tcrm-14-1489] The medication is well tolerated, and side effects are generally mild and most commonly include infections.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b26-tcrm-14-1489]--[@b29-tcrm-14-1489] In the reported clinical trials, GUS markedly improved disease with corresponding improvements in quality of life measures.[@b15-tcrm-14-1489],[@b21-tcrm-14-1489],[@b27-tcrm-14-1489]--[@b29-tcrm-14-1489] The medication also successfully treated difficult to treat areas of the body, including the scalp, hands, feet and fingernails.[@b27-tcrm-14-1489],[@b28-tcrm-14-1489] In addition to its impact on cutaneous lesions, GUS may be effective in treating PsA.[@b30-tcrm-14-1489] Furthermore, GUS was more effective than ADM and was successful in treating patients with incomplete responses to ADM and USM.[@b15-tcrm-14-1489],[@b27-tcrm-14-1489]--[@b29-tcrm-14-1489] Long-term investigation of both side effects and efficacy is required.
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![IL-12, IL-23 and IL-39 with their receptors and downstream effects.\
**Notes:** IL-12 and IL-23 share the p40 cytokine subunit, which USM targets. IL-23 and IL-39 share the p19 cytokine subunit, which GUS, risankizumab and tildrakizumab target. IL-12 promotes the T~h~1 pathway, and IL-23 promotes the T~h~17 pathway.\
**Abbreviations:** USM, ustekinumab; GUS, guselkumab; ADM, adalimumab.](tcrm-14-1489Fig1){#f1-tcrm-14-1489}

###### 

Summary of clinical trials

  Week/study                                                 IGA 0/1[a](#tfn2-tcrm-14-1489){ref-type="table-fn"},[b](#tfn3-tcrm-14-1489){ref-type="table-fn"}   PASI75                                                 PASI90                                                                                             DLQI 0/1[c](#tfn4-tcrm-14-1489){ref-type="table-fn"},[d](#tfn5-tcrm-14-1489){ref-type="table-fn"}   SymptomPSSD                                            f-PGA 0/1[e](#tfn6-tcrm-14-1489){ref-type="table-fn"}   hf-PGA0/1[e](#tfn6-tcrm-14-1489){ref-type="table-fn"}   ss-IGA 0/1[e](#tfn6-tcrm-14-1489){ref-type="table-fn"}
  ---------------------------------------------------------- -------------------------------------------------------------------------------------------------- ------------------------------------------------------ -------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------- ------------------------------------------------------- --------------------------------------------------------
  **Week 16[f](#tfn7-tcrm-14-1489){ref-type="table-fn"}**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Sofen et al[@b21-tcrm-14-1489] (100 mg GUS/PBO)            N/A                                                                                                60/0                                                   0/0                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  Gordon et al[@b15-tcrm-14-1489] (100 mg GUS/PBO/ADM)       86/7/58[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}                                                79/5/70[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}    62/2/44[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}                                                63/7/49[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  VOYAGE 1[@b27-tcrm-14-1489] (GUS/PBO/ADM)                  85/7/66[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}                                                91/6/73[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}    73/3/50[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}                                                56/4/39[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}                                                 42/3/35[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}    39/16/51[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}    73/14/56                                                83/15/70[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}
  VOYAGE 2[@b28-tcrm-14-1489] (GUS/PBO/ADM)                  84/9/68[g](#tfn8-tcrm-14-1489){ref-type="table-fn"},[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   86/8/69[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}    70/2/47[g](#tfn8-tcrm-14-1489){ref-type="table-fn"},[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   52/3/39                                                                                             40/8/33[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}    52/15/60                                                77/14/71                                                81/11/67[g](#tfn8-tcrm-14-1489){ref-type="table-fn"}
  NAVIGATE[@b29-tcrm-14-1489] (GUS/USM)                      N/A                                                                                                N/A                                                    N/A                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  **Week 24[i](#tfn10-tcrm-14-1489){ref-type="table-fn"}**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Sofen et al[@b21-tcrm-14-1489] (100 mg GUS/PBO)            N/A                                                                                                N/A                                                    N/A                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  Gordon et al[@b15-tcrm-14-1489] (100 mg GUS/PBO/ADM)       N/A                                                                                                N/A                                                    N/A                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  VOYAGE 1[@b27-tcrm-14-1489] (GUS/PBO/ADM)                  84/--/62[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                               91/--/72[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   80/--/53[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                               61/--/40[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                44/--/36[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   56/--/62                                                79/--/57[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}    85/--/69[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}
  VOYAGE 2[@b28-tcrm-14-1489] (GUS/PBO/ADM)                  84/--/65[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                               89/--/71[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   75/--/55[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                               58/--/41[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                42/--/32[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   63/--/67                                                82/--/66                                                85/--/68
  NAVIGATE[@b29-tcrm-14-1489] (GUS/USM)                      31/14[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                  N/A                                                    48/23[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                  N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  **Week 48[j](#tfn11-tcrm-14-1489){ref-type="table-fn"}**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Sofen et al[@b21-tcrm-14-1489] (100 mg GUS/PBO)            N/A                                                                                                N/A                                                    N/A                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  Gordon et al[@b15-tcrm-14-1489] (100 mg GUS/PBO/ADM)       77/--/49                                                                                           N/A                                                    N/A                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  VOYAGE 1[@b27-tcrm-14-1489] (GUS/PBO/ADM)                  81/--/55[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                               88/--/63[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   76/--/48[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                               63/--/39[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                45/--/33[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}   75/--/62[k](#tfn12-tcrm-14-1489){ref-type="table-fn"}   76/--/62[k](#tfn12-tcrm-14-1489){ref-type="table-fn"}   78/--/61[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}
  VOYAGE 2[@b28-tcrm-14-1489] (GUS/PBO/ADM)                  N/A                                                                                                N/A                                                    N/A                                                                                                N/A                                                                                                 N/A                                                    N/A                                                     N/A                                                     N/A
  NAVIGATE[@b29-tcrm-14-1489] (GUS/USM)                      36/17[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                  N/A                                                    51/24[h](#tfn9-tcrm-14-1489){ref-type="table-fn"}                                                  39/19.0[k](#tfn12-tcrm-14-1489){ref-type="table-fn"}                                                N/A                                                    N/A                                                     N/A                                                     N/A

**Notes:** IGA 0/1, PASI75, PASI90, DLQI 0/1, f-PGA, hf-PGA and ss-IGA are reported as percentages. Symptom PSSD is reported as the mean reduction in PSSD symptom score.

PGA score of 0 or 1 for Gordon et al.

Within the group of patients who attained at least a 2-point improvement in the IGA score compared to Week 16 for NAVIGATE.

Within the group of patients with DLQI scores \>1 at baseline for Gordon et al.

Within the group of patients with DLQI scores \>1 at Week 16 for NAVIGATE.

Within the group of patients who attained improvements of ≥1 point for f-PGA score and ≥2 for hf-PGA and ss-IGA scores.

Reported at Week 12 for Sofen et al.

*P*\<0.001 for comparison of GUS to PBO.

*P*\<0.001 for comparison of GUS to active comparator (ADM or USM).

Reported at Week 28 for NAVIGATE.

Reported at Week 40 for Gordon et al and Week 52 for NAVIGATE.

*P*\<0.05 for comparison of GUS to active comparator (ADM or USM).

**Abbreviations:** IGA 0/1, Investigator Global Assessment score of 0 or 1; PASI75, at least a 75% improvement in PASI score compared to baseline; PASI90, at leasta 90% improvement in PASI score compared to baseline; DLQI 0/1, Dermatology Quality of Life Index score of 0 or 1; Symptom PSSD, mean reduction in Psoriasis Symptoms and Signs Diary Symptom score; f-PGA, fingernail Physician Global Assessment; hf-PGA, Physician Global Assessment of hands and/or feet; ss-IGA, scalp-specific Investigator Global Assessment; GUS, guselkumab; PBO, placebo; N/A, not available; ADM, adalimumab; USM, ustekinumab; PGA, Physician Global Assessment; PASI, Psoriasis Area and Severity Index; DLQI, Dermatology Quality of Life Index.
